Abstract: A kind of Wilkinson power divider with bandpass filtering response is presented in this letter. In the proposed power divider, two bandpass filters are used to substitute two quarter-wavelength transformer in a conventional Wilkinson power divider. This kind of Wilkinson power divider has two transmission zeros out of the passband. One transmission zero is created by the dual mode resonator intrinsic characteristics. The other is introduced by the source-load coupling. Different transmission zeros could be achieved by changing the dimension of the dual mode resonator or the source-loading coupling. Two experimental circuits are fabricated by the traditional printed circuit board technology. The measured and simulated results are in good agreement.
Introduction
Power dividers play a key role in the microwave systems for combing and dividing the power [1] . Filters are widely used in the microwave systems for separating different frequencies [2] . Both of them are the important components in a RF/ microwave transceiver. In general, they are designed and fabricated individually. The rapid developing modern microwave systems require the components to be smaller. Therefore, integrating the circuit with different functions becomes inevitable. Some integrated designs have been proposed to obtain the dual functions of power dividing and filtering. One method is to cascade the filtering circuit with power dividers. The power dividers could be narrowband [3] or ultra-wideband [4] with two additional bandpass filters (BPFs) following the two output ports. However, cascading power dividers with filters will increase the size of circuits. To reduce the integration mismatching and achieve a compact size, the filtering and power splitting circuits can be merged together to obtain dual functions [5, 6] . Another one is to replace the quarter-wavelength transformers in Wilkinson power dividers with bandpass filters [3, 7] . Coupled lines have also been used for the transmission structure in Wilkinson power dividers for the bandpass response [8] .
In this letter, a kind of bandpass Wilkinson power divider with controllable transmission zeros is presented. By replacing the conventional Wilkinson power dividers each quarter-wavelength transformer with a dual-mode filter the good passband selectivity can be achieved. Two delay lines with proper lengths and an isolation resistor are applied for good isolation between output ports. Two experimental circuits are designed and fabricated. Good power division and bandpass responses are observed in the measured results.
2 Design of a filtering power divider
Dual-mode resonator
The dual-mode resonator embedded in the filtering power designing is shown in Fig. 1 . Due to the symmetrical topology, the features of the dual-mode resonators can be explained by odd/even-mode analyses. The central plane in Fig. 1 (a) can be equivalent to an electric and a magnetic wall when the odd/even-modes are excited, respectively. The input admittances of odd/even-mode can be given by [9] Y inodd ¼ ÀjY 1 cot 1 ð1Þ
It is obvious that the even-mode resonant frequencies are varied with the length of the open-stub ðL2; L3Þ while the odd-mode resonant frequencies are kept fixed. Therefore, by adjusting the length of stubs, the locations of the two resonant frequency can be set close to form a passband. Fig. 2 shows the layout and coupling scheme of the filter embedded in the filtering power divider. In the figure, E and O represent the even modes and odd modes of the resonator. One transmission zero (Tz) is generated because of the intrinsic characteristics of the dual-mode resonator [10] . Another transmission zero is created by the source and load coupling [11] . The Tz generated by the source and load coupling is located at the upper stopbands. The Tz created by the resonators intrinsic characteristics could be located at the lower or upper stopbands [12] . Fig. 3 shows simulated frequency responses of the filter with the different L3 and CG. The two transmission zeros improve the frequency selectivity of the filter. 
Dual-mode filter

Experimental verification
To testify the above design principle, two filtering power dividers are designed and fabricated on the substrate Rogers 5580, with a relative dielectric constant of 2.2, thickness of 0.508 mm and loss tangent of 0.0009. The two filtering power dividers are Type I (two TZs at the upper stopbands) and Type II (one TZ at the lower stopbands, another TZ at the upper stopbands).
The circuit layout is simulated and optimized by using High-frequency simulation software. The final dimensions of the proposed power divider are: The fabricated power divider is measured by an Agilent E8363B network analyser. Fig. 6 and Fig. 7 show the results of simulation and measurement of proposed filtering power divider. The measured and simulated results agree very well as shown in Fig. 6 and Fig. 7 . For the divider type I, the measured results show that the filtering power divider works at the frequency of 2.68 GHz with a bandwidth of 140 MHz. The insertion loss and the return loss at the center frequency are about 4.52 and 10.5 dB, respectively. Transmission zeros at 2.82 and 3.45 GHz are observed. Fig. 6(b) shows that the isolation between the two output ports is better than 11 dB, and amplitude difference of output ports is less than 0.5 dB in the passband.
For the divider type II, the measured results show that the divider works at frequency of 2.64 GHz with a bandwidth of 100 MHz. The insertion loss and the return loss at the center frequency are about 4.76 and 23 dB, respectively. It is obvious that the frequency selectivity has been improved greatly by the two transmission zeros at 2.55 and 3.52 GHz. Fig. 7(b) shows that the isolation between the two output ports is better than 10 dB, and amplitude difference of output ports is less than 0.5 dB in the passband. 
Conclusion
A new compact microstrip dual-mode filtering power divider is proposed in this letter. By using the dual-mode bandpass filter, the two quarter-wavelength transformers of the conventional Wilkinson power divider is substituted. Out-of-band rejection of the power divider can be improved. Simulated and measured results are given out to validate the design concept, and the simulated results agree well with the measured ones. With the advantages of compact size, high selectivity and controllable transmission zero, the proposed filtering power divider is attractive for modern microwave system. 
